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Abstract: 
This project is in collaboration with HSY Ämmässuo in order to investigate the plastic 
wastes in the compost of the biowaste. Since many macroplastic fragments were found in 
their compost, especially fragments of different conventional packaging plastics, 
questions had been raised what types of plastics were and whether there was the 
appearance of bioplastic or biodegradable plastic in these plastic wastes? The 
investigation was carried out at four different places during the biowaste treatment 
process at HSY Ämmässuo facility. After separating from the biowaste then cleaning, the 
collected plastics were then analysed with FT-IR spectroscopy to conduct a list of plastic 
type. At the end of the study, there was no signs of bio and biodegradable plastic type 
found at their final product; however, some types of biodegradable plastic and some other 
organic compounds still remained at the end-product of the digestion process. Generally, 
the collected plastic waste took about 1-2% of the final product weight in which 
polyethylene (PE) and polypropylene (PP) were the most popular plastics and took up to 
about 90% of the total plastic waste at every step during the bio treatment process. Most 
of these plastics were identified as used food packaging, however there were small 
amount of plastics with ambiguous origins. 
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1. INTRODUCTION 
1.1 Background 
Plastic has a big impact to our normal daily life, in fact plastic is more appealing in 
many places than before, from a little household item to a high technology one. Since 
the first successful synthetizing polymer type in the early 20th century from cellulose 
has brought us to our own new era, the age of plastic. Due to the fact of mass 
manufacturing and reducing the cost, petroleum and the other source from fossil fuels 
was introduced to synthesized to the new long chain of polymer nowadays. 
However, there are many threats coming from the massive plastic consumption. Since 
the 1960s, plastic debris was found in the ocean and it has been raising a lot of 
awareness of the plastic pollution (Richard C. Thompson, et al., 2004) and it has been 
significantly changing the way we are using plastic comparing to the past. In the natural 
or landfill environment, a single conventional plastic bag can take up to 1000 years to 
be able to fully degrade. Therefore, its presence in our ecosystem can bring many 
threats to the living organisms and the climate change due to its high carbon footprint 
emission. Yet, it is worse when many manufacturers still prefer to continue producing 
new plastic as a cheaper way than recycling. 
Even though, there has been many researches focusing on the appearance of 
microplastics in the ocean (Shivika Sharma & Subhankar Chatterjee, 2017), yet 
agricultural soil is also usually a place where microplastic ends up (Mark Anthony 
Browne, et al., 2011). Both conventional plastic and biodegradable plastic in the soil-
plant system have affected to the growth of the plants (Yueling Qi, et al., 2018).  
After paying a visit to the HSY biowaste treatment facility at Ämmässuo, Espoo 
Finland, we conducted a brief assumption of the plastic waste which was still left 
mixing with the final product of the composting process. Even though, the biowaste 
went through an continuous process with the anaerobic bacterial for a long period of 
time during the digestion process and in the aerobic condition under the high 
temperature at the composting process, most of the organic compound of the biowaste 
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has transformed to energy such as methanol gas and the compost. However, due to the 
incorrect plastic sorting at the waste separation, there is still a significant percentage of 
plastic waste at the compost. 
1.2 Objectives 
This thesis aimed to create a general view of plastic waste during the biotreatment 
process at HSY Ämmässuo. Due to the lack of data on the types of plastic and their 
behaviour during the process, this thesis was written to address the objectives listed 
below: 
• To identify the types of plastic at each stage of the bio treatment process. 
• To investigate the presence of bioplastic and biodegradable at each process. 
• To review the recycling of the biowaste in the Helsinki region. 
1.3 Scope and Research Strategy 
This thesis was written with the method of quantitive research. The data was created 
from the samples which were collected from HSY at Ämmässuo Bio Treatment plants 
in Espoo, Finland. To support the objectives of this thesis, an analytical method was 
applied to use the available knowledge from relatable books, journals, articles and other 
sources. 
Due to the fact that every day at Ämmässuo, the Treatment Plant has to deal and process 
a large amount of biowaste coming from its authorized regions, therefore it is able to 
collect the most recent samples during the same day. However, the quantity of the 
collected sample was limited comparing the daily feedstock, but with the aim of the 
thesis’s objectives, four buckets of samples were collected and considered enough to 
gather the relative data about the situation of plastic waste in the biowaste from Helsinki 
region with the analytical method described here. 
A process of sorting and cleaning was to be carried out to reduce the hazardousness 
coming from the sample as well as the phytotoxicity. After that, the sample were to be 
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gathered to be analysed. The chapters below provide the necessary and understandable 
knowledge to achieve the thesis objectives. 
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2 LITERATURE REVIEW 
2.1 Common Plastics in the Food Packaging Industry 
Plastic was considered as a great material in the food packaging industry because of its 
cost and physical properties, which result from the long polymer chains. There are 
several advantages which makes plastics a favoured material (Ebnesajjad, 2013): 
• Versatility: plastic is the most versatile of materials which can be shaped in any 
way wanted, it also can be transparent which depends on the application of its 
serving. In the food industry, it is important that the customer can see what they 
are going to buy and consume. 
• Resistance: Plastic can be considered and an ideal container due to its resistance, 
plastic can provide wide choices in respect of heat resistance, liquid resistance or 
with acidic foodstuffs. 
• Printability: Plastic can be easy to print on to attract customer attention as well 
as listing all the necessary information for the end user. 
• Recyclability: Plastic can be recycled because of its physical property, it is a 
flowable and mouldable material (under a certain condition) which makes them 
easy to recycle again. PET is the most recycled plastic nowadays which can be 
served as water bottle or food container, etc. 
Cost: Plastic is a cheap which meet the market needs compared to the traditional 
food packing materials such as glass and metal. 
In order to choose an ideal material for the food industry, plastic has to go through a 
specific restricted regulation when coming to contact with food (Anon., 2011). In the 
food packaging industry, these plastics are usually used (Richard Coles, 2011, pp. 159 - 
160): 
• Polyethylene (PE) 
• Polypropylene (PP) 
• Polyester (PET, PEN, PC) 
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• Ionomers 
• Ethylene vinyl acetate (EVA) 
• Polyamides (PA) 
• Polyvinylidene chloride (PVdC) 
• Polystyrene (PS) 
• Styrene butadiene (SB) 
• Arcylonitrile butadiene styrene (ABS) 
• Ethylene vinyl alcohol (EVOH) 
• Polymethyl pentene (TPX) 
• Hight nitrile polymers (HNP) 
• Fluoropolymers (PCTFE, PTFE) 
• Cellulose-based materials 
• Polyvinyl acetate (PVA) 
 Polyethylene 
PE is the most widely used plastic in the food packaging industry which has a chemical 
structure of (C2H4)n. Due to its physical properties, it is a stiff material which has a mild 
resistance to heat and chemical reactions. Based on the structural of PE on the 
difference in the branches in term of the number and length, it will affect the density 
and melting point of PE. PE can be ranged from very low density to high density PE 
which depends on the consumption purpose (Ebnesajjad, 2013, pp. 2-3). For example:  
• ULDPE can be used as heavy-duty sack, wrapping packaging for food product. 
• LLDE can be used as heavy-duty sack, plastic bag or textile packaging such as 
shirt and sweater. 
• LLDPE can be used in the agriculture for wrapping films, bubble wrap. 
• MDPE can be served in the shipping business as mailing envelopes, heavy-duty 
shipping shack, pallet shrink film. 
• HDPE is used as container for dairy products, bottle water, cosmetics, medical 
product and household chemicals container. 
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 Polypropylene 
Polypropylene (PP) is a polymer in the same family as PE, the polyolefins, which has a 
structure of (C3H6)n. Three main different types of PP give different material physical 
properties (Ebnesajjad, 2013, p. 4):  
• Homopolymeric PP: made from a single reaction with ethylene and catalyst 
o Physical properties: it is translucent in the natural state (without adding 
colorant), it has the lowest impact resistant (especially below 0oC) 
o Usages: thermoforming, slit film and oriented fibres. 
• Homophasic PP copolymer (random copolymer): Less than 5% of ethylene was 
added during the reaction. 
o Physical properties: Poor impact resistance (bellow 0oC) however it has the 
most flexible due to lowest tensile strength. 
o Usages: containers for food, household chemicals, hot-fill applications. 
• Heterophasic PP copolymer made from two reactions, where the first one 
homopolymer was made then transferred to the second reaction where ethylene 
and propylene polymerize together creating ethylene propylene rubber. 
o Physical properties: Depends on the amount of ethylene monomer used 
during the second reaction, its impact resistance can vary from highest to 
lowest, with intermediate tensile strength  
o Usages: film, sheet and profiles. 
 Polystyrene 
Polystyrene (PS) is made from styrene and is one of the simplest plastics to be 
manufactured. Depending on the purpose of the manufacturer, PS can be produced to be 
rigid form like a food tray to foamed form (Ebnesajjad, 2013, p. 7). 
• Physical properties: High impact resistance, excellent food barrier, high stiffness 
in both physical form rigid and foamed, low thermal conductivity. 
• Usages: food container, plastic food tray. 
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 Polyvinyl Chloride (PVC, Vinyl) 
PVC is a flexible material which has many advantages, it is excellent material which is 
rigid, has good chemical nonreactive, flow characteristic and stable electrical properties. 
PVC resins are usually mixed with other additives to provide a great variety of 
engineering properties. There are three mains type of rigid PVC compound in 
manufacturing in the food packaging industry: Type I, type II and CPVC. Comparing 
the three types of PVC compounds together (Ebnesajjad, 2013, pp. 7-8): 
• Between type I and type II: type II has bigger impact resistance than type I but 
lower in chemical resistance 
• CPVC has the greatest temperature resistance compared to type I and II PVC 
 Bio and Biodegradable Polymers 
With the rise of green products to the environment, renewable raw materials such as 
biopolymers, biodegradable and compostable polymers are changing the way of 
people’s consumption. In Finland, most of the supermarket provide free bioplastic bags 
in order to reduce the consumption of conventional plastic ones (an example at S-
Market at Figure 1). 
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Figure 1: Free bioplastic at S-Market, Finland. 
• Bioplastic is also known as renewable plastic. Unlike petroleum-based plastic, 
which is derived from oil, a limited resource, renewable plastic is normally 
derived from raw materials like corn, oats, wood and other plants. Therefore, the 
rate of degradation is much faster, and its carbon footprint is lower than 
conventional plastics such as PP. Polylactic acid (PLA) is the most widely used 
in the market nowadays and it is made of 100% from corn starch (Ebnesajjad, 
2013, pp. 12-13). 
• Biodegradable plastic: made by mixing ingredients that can be metabolized by 
micro-organisms in nature and petroleum-based plastic. Biodegradable plastic 
like polycaprolactone (PCL) are mixed with starch which will take a long time 
to be degraded 100% in the nature and it can contribute CO2 during the 
degradation (Ebnesajjad, 2013, p. 13).  
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2.2 Bio Treatment Process 
 Anaerobic Digestion 
The anaerobic digestion process is the natural oxidation of organic matter in the 
presence of microorganisms usually acting physically (high pressure, mechanical jet, 
etc.) and chemically (alkali, wet oxidation, biological such as microorganisms, etc.) 
together. Before the composting process, the pre-treatment (described below) and 
digestion process will take place to convert and collect the methane gas from the rich 
biowaste in order to create a sustainable and green energy solution. Anaerobic digestion 
is considered as a process using less energy to produce a rich biogas containing 55-70% 
methane (CH4), odour removal, pathogen reduction, and mass reduction. Figure 2 shows 
a series of four stages of the anaerobic digestion: 
 
Figure 2: Four-stage process of anaerobic digestion. (Mudhoo, 2012, p. 94) 
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• Hydrolysis: Extracellular enzymes catalyse the hydrolysis of the complex 
molecules such as amylases, proteinases, lipases and nucleases. For example, 
carbohydrates and proteins are broken down to simple sugars and amino acids, 
respectively. Fats are broken down to glycerol and long chain fatty acids. 
• Acidogenesis: it is considered as an intermediate stage to prepare the organic 
matter in a form amenable for the next stage. In this stage, the organic matters 
are converted into simple volatile fatty acids (VFA) by “acid formers” 
• Acetogenesis: where the products from the acidogenesis stage are further 
digested by acetogenic bacteria to produce acetic acid, CO2 and H2. 
• Methanogenesis: CH4 is produced in this stage by two groups of methanogenic 
bacteria to convert acetate into CH4 and CO2, and also use CO2 as electron 
acceptor and H2 as electron donor to produce CH4.  
 Compost & Composting Process 
Compost also known as topsoil is the final product of the composting process. Compost 
is the result of the aerobic degradation of the solid organic matter. It is stabilized and 
sanitized product which is beneficial to plant growth. 
Composting is the process of transformation and stabilization of complex solid-state 
organic matter in the aerobic conditions. The process is exothermal, and it has three 
main phrases: (Christensen, 2010, pp. 515 - 516) 
i. Mesophilic: the start of the aerobic decomposition, started with organic matter 
which is easy to be degraded. This phase can take a few days to decay materials 
and release heat as energy. 
ii. Thermophilic: During this phrase, the temperature can rise over 70oC easily 
without control where the stabilization and sanitization start beginning. 
iii. Maturation: This phrase can last about more than a month where at the 
beginning of the phase, composting material can be very phytotoxic because the 
microbial transformation metabolites immediately. 
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2.3 HSY and Ämmässuo Bio Treatment Plant 
 About HSY 
 
Figure 3: HSY's circular services (HSY, 2016) 
HSY is the Environmental Service Authority in Helsinki and its neighbour regions 
Espoo, Vantaa and Kauniainen. HSY is a municipal body (Figure 3) which offers water 
services, waste management and provides regional and environmental information to all 
the inhabitants living in the regions (HSY, 2019). 
• Water Services: HSY provides a solution for water treatment for the wastewater 
to protect the Baltic sea from pollution, also HSY offers the quality drinking 
water that is able to drink from the tap for the people who are living in the city 
member. 
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• Waste Management: HSY also offers waste management service in 
Kirkkonummi which is taking care of the waste from residential to public 
properties. 
• Regional and Environmental Information: Providing the air quality information 
and climate information in the Helsinki Metropolitan Area. 
 Ämmässuo Bio Waste Treatment Center 
 
Figure 4: Ämmässuo biowaste treatment center (Kuntalehti) 
Ämmässuo waste treatment centre (Figure 4) was located in Espoo, Finland which is 
one of HSY’s facilities belonged to its waste management service. The biowaste from 
all of the regions are transported to here at Ämmässuo, where it will undergo through 
the biowaste treatment process to reproduce its nutrients, biogas and compost. At 
Ämmässuo, bio treatment comprises: 
• A composting facility (completed in 2007) 
• A biogas facility (completed in 2015) 
• The old composting facility still used for composting wastewater sludge (since 
1998) 
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Figure 5: Ämmässuo biotreatment capacity 
According to the Figure 5, the Biowaste treatment plant has a maximum capacity of 
60 000 tonnes per year in which 44 000 tonnes can be pre-treated at the Bio-facility to 
collect the methane gas. At the current rate, it has the capacity of 41 000 tonnes of total 
bio-waste a year in which 35 000 tonnes has undergone the digestion process which 
generates 6 000 000 m3 of methane gas (HSY, 2018). 
44000
35000
16000
6000
M A X I M U M  C A P A C I T Y
C U R R E N T  C A P A C I T Y
ÄMMÄSSUO BIO TREATMENT 
CAPACITY
Pre-treatment at Bio-gas facility Without Pre-treatment
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 Ämmässuo Bio Treatment Process 
 
Figure 6: Concept of dry part stream digestion (Wäänänen, n.d.) 
Figure 6 shows the biotreatment process at HSY Ämmässuo plant which is based on the 
concept of dry part stream digestion. It means the most suitable part of biowaste will be 
selected and transferred to the suitable treatment process. Most of the biowaste which is 
considered as a fine material will be selected to go through the digestion process, while 
the other like large coarse biowaste will be mixed with the after digested product then 
transferred to the composting process. Because of the dry part stream digestion concept, 
the collected biogas is considered as a source of ecological and green energy which will 
keep a sustainable way to the energy circulation and it still keeps the valuable nutrient 
back to the soil such as phosphorus and nitrogen. Meanwhile, it reduces the wastewater 
and odour emission to the environment (HSY, 2018).   
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2.3.3.1 Pre-treatment of biowaste 
The biowaste from all over the regions is transferred to the Ämmässuo biowaste 
treatment plant. Firstly, it is crushed into small pieces (Figure 7) which opens the waste 
bags to help the processes happen easier and also to screen, i.e. separate, unwanted 
objects such as metal, plastic. The coarser material like wood, and garden waste or with 
larger size (with particle size of larger than 80mm) is not selected to the digestion 
process. Analytically, about 30% of the waste is moved directly to the composting 
process and the rest goes to the biogas facility. 
 
Figure 7: Crushing biowaste at the pretreatment process (Yle, 2019) 
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2.3.3.2 Biowaste digestion in biogas facility 
 
Figure 8: Digestion facility at Ämmässuo (Yle, 2019) 
The biogas treatment facility has a work capacity of 24 hours a day and with a volume 
of more than 450 tonnes of biowaste. First of all, the biowaste is fed by a jaw grab 
(Figure 9) to an intermediate storage which purposely stocks and keeps the biowaste till 
the next process be ready. The biowaste then go through a reactor tank where the 
anaerobic digestion happens (Figure 8). During this stage, the anaerobic organism will 
be very active and starts generating the biogas (Methane and Sulphur compounds) from 
the waste. Normally, the biowaste will be kept at the reactor tank for approximately 24 
days. The collected biogas will be directly transformed to a gas storage then to be 
utilized in the HSY’s own gas power plant in order to produce heat and electricity. After 
the digestion process, there are still a lot of valuable nutrition from the remainder, 
therefore, it will be pumped into the storage tank for the further composting process. 
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Figure 9: Biowaste was grabbed to the intermediate storage (Yle, 2019) 
2.3.3.3 Composting process 
During transporting the digestate from the digestion process to a storage, large size 
plastic is sorted automatically when running on a continuous belt from the digestion 
process to the storage. The sorted plastic then will be piled up at the outsize yard and 
the rest will be mixed with the large coarse material which was already separated from 
the pre-treatment process. After that, the mixture is transferred to the composting tunnel 
(Figure 10) where the biodegradable waste will be piled in long rows (windrows). 
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Figure 10: Composting tunnel at Ämmässuo (Yle, 2019) 
At Ämmässuo, there are 15 composting tunnels with the automation control where the 
composting will be monitoring through a system. After 2-3 weeks at the tunnel, the 
compost will be transferred to the curing field (Figure 11) and used as a fertilizer for 
planting. 
 
Figure 11: Curing field at Ämmässuo (Yle, 2019) 
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2.4 Handling Highly Bio Infectious Waste  
Samples from Ämmässuo bio treatment plant are mostly untreated biological wastes and 
they pose a potential threat to the health of living beings. A list of harmful micro-
organisms, viruses, toxins, etc. along with the diseases likely to be present in the 
starting materials of the biotreatment is describe in Table1. 
According to the United States Centers for Disease Control and Prevention (CDC), the 
level of biohazards is divided into four levels from the minimum risk level 1 to the 
extreme risk level 4 based on various diseases (Centers for Disease Control and 
Prevention). 
• Biosafety level 1: Does not affect and cause any disease to humans. 
• Biosafety level 2: Potentially hazard to humans or the environment. 
• Biosafety level 3: Involve potentially fatal disease especially via inhalation. 
• Biosafety level 4: Involve level 3 without available vaccine or treatment and 
able to infect via aerosol transmission.  
Table 1: Pathogenic agents likely to be present in compost starting material 
(Christensen, 2010, p. 528) 
Pathogen Disease 
Viruses  
Enterovirus Gastro-enteritis, heart disease, meningitis 
Rotavirus Gastro-enteritis 
Parvovirus Gastro-enteritis 
Adenovirus Respiratory tract infection, conjunctivitis 
Hepatitis A virus Viral hepatitis 
Polio virus Poliomyelitis 
Ecovirus Meningitis 
Coxsachivirus Meningitis 
Bacteria  
Salmonella (1700 types) Typhus, salmonellosis 
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Shigella Shigellosis 
Mycobacterium tuberculosis Tuberculosis 
Vibrio cholerae Cholera 
Escherichia coli Gastro-enteritis 
Yersinia enterocolica Gastro-enteritis 
Clostridium perfrigens Gangrene 
Clostridium botulinum Botulism 
Listeria monocytogenes Meningo-encephalitis 
Fungi  
Candida albicans Systemic and skin mycosis 
Trichophyton sp. Skin mycosis 
Trichosporon cutaneum Skin mycosis 
Epidermophyton sp. Skin mycosis 
Microsporum sp. Skin mycosis 
Aspergilus fumigatus Lung mycosis 
Protozoa  
Entamoeba Amebiasis 
Giardia lamblia Giardiasis 
Balantidium Balantidiasis 
Naegleria fowleri Meningo-encephalitis 
Acanthameba castellani Meningo-encephalitis 
Helmints  
Ascaris lumbricoides Ascariasis 
Ancylostroma sp. Ancilostomiosis 
Necator americanus Necatoriasis 
Enterobius vermicularis Enterobiasis 
Strongyloides stercoralis Strongilaidiasis 
Toxocara sp. Larvae in the viscera 
Thrichuris thrichuria Thricuriasis 
Taenia saginata Tapeworm 
Hymenolepsis nana Tapeworm 
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Echinococcus granulosus Echinococcosi 
Echinococcus multilocularis Echinococcosi 
2.5 FTIR 
FT-IR (Fourier Transform InfraRed) is a method of infrared spectroscopy (IR). IR is a 
powerful technique for analysing the chemical composition of a material. During the 
FTIR’s Process (Figure 12), an IR radiation go through a sample, some of the radiation 
when be absorbed by the sample and some will pass through the sample. The former 
was called the molecular absorption and the latter passes through was called the 
molecular transmission. Therefore, it will result in a spectrum which is like a fingerprint 
of the sample. Comparing the available data from the library with the collected 
spectrum from the sample, it will give a useful information about the sample such as 
(Thermo Nicolet Corporation, 2001): 
• Identifying the materials 
• Identify amount of the component in the sample 
• Determining the quality of the sample 
 
Figure 12: FTIR's process (Thermo Nicolet Corporation, 2001, p. 5)  
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3 METHOD 
3.1 Materials and Equipment 
In order to enter to collect samples from Ämmässuo biotreatment plan, we needed to put 
on protective gears which are listed in Figure 13 when moving around the hazardous 
zone: 
• A full body protection coverall 
• A powered air purifying hood or helmet. 
• A face shield coming with the respiratory protection 
• A pair of chemical resistant gloves 
• A pair of safety shoes 
 
Figure 13: Protective gears when entering Ämmässuo biotreatment plant (American 
Chemistry Council) 
Based on the level of the biohazard, the samples which were collected from the 
biotreatment plant were categorized as biohazard level 2. At this level requires all 
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precautions used at biosafety level 1 which is no requirements other than washing hand 
(LouAnn C. Burnett, et al., 2009, p. 10) and the precautions in the biohazard level 2 
which was listed below (LouAnn C. Burnett, et al., 2009, p. 9): 
• Gloves, coat and facial protection mask in Figure 14 were used during the study. 
• Access to the laboratory is limited when work is being conducted. 
• The process was carried out in the ventilation fume hood in order to prevent 
infectious aerosols or splashes which are may be created during conducting. 
 
Figure 14: Nitrile gloves and full-face respirator at Arcada chemistry laboratory 
Also, to help with the filtering plastic from pre-treated biowaste at Arcada’s chemistry 
laboratory, a list of equipment was needed and used during the cleaning process: 
cleaning agent and ethanol (C2H5OH),tissue paper and a small drainer for cleaning 
process, a pair of tweezers for picking plastic from the biowaste, a magnetic steering 
heating mantle for speeding up the cleaning process. 
3.2 Sample Preparation & Collect Data 
The four samples used in this study were collected one from each of the four different 
process stages: 
• After pre-treatment process. 
• After the digestion process. 
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• At the windrow. 
• At the curing field (Figure 15). 
 
Figure 15: Sample collected from the curing field 
First of all, the total weight of each collected sample from the biotreatment facility 
needed to be recorded. The plastic fragments from each sample were spotted with 
normal vision and separated manually with a pair tweezers. Normally, the collected 
plastics had the size of macroplastics and it was important to keep track of which 
sample where the collected plastics were collected from. 
After finishing the plastic collecting process, the collected plastic needed to be cleaned 
for the material analysis. In order to have a clean plastic sample, the dirty plastic 
samples needed to go through a several cleaning processes to get rid of the dirt, the 
hazardousness and unpleasant odour. The collected plastics were simply cleaned with 
water mixed with the cleaning agent. A magnetic steering heating mantle was used for 
speeding up the cleaning process, after that a small drainer was used to catch the 
macroplastic and separating them from the mud and dirt from the biowaste during the 
biotreatment process, this cleaning process could be repeated several times till the 
desired transparency from the water, then ready for the final cleaning. The final 
cleaning would use ethanol (C2H5OH) to clean most of the impurities which is still left 
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on the plastic surface. After the collected plastics having been cleaned throughout, they 
would be ready to be placed on the FTIR spectroscopy plate (Figure 16) to be analysed. 
 
Figure 16: FTIR spectrometer at Arcada’s Chemistry Laboratory. 
The quality of the FTIR spectrum from the collected plastic sample required no 
impurities on its surface. Otherwise, it would affect the collected spectrum by 
containing lots of noise which could resulted in having low matching profiles from the 
built-in library. In another word, the cleaner the collected plastic sample was, the better 
spectrum FTIR would give. Also, the roughness of the plastic sample could affect the 
collected spectrum as well, in order to avoid spending time on rescanning the material’s 
surface, it was advisable to cut the plastic sample into small pieces for analysing. 
Finally, once again the weight of the collected plastic was recorded as well as the 
information of each collected plastic fragments from the FTIR analysis (Figure 17). 
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Figure 17: Bookkeeping plastic's information. 
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4 RESULTS 
4.1 General Results 
After filtering plastics from the collected samples from Ämmässuo, the weight of each 
sample was recorded. The chart below in Figure 18 shows the weights of the samples at 
each step during the treatment process: 
 
Figure 18: Comparing Plastic's weight over total Sample's weight (in gram) 
Plastic waste was found at every step during the treatment. However, comparing to the 
plastic weight after the pre-treatment process, a big amount of percentage of plastic is 
reduced from the biowaste after the digestion process. After the pre-treatment process, 
the amount of recorded plastic waste in the biowaste is about 11.44% of the total waste 
weight in which non-bio and biodegradable plastic takes about 10.06%. Yet after the 
digestion process, thanks to the plastic screening, the amount of the plastic was reduced 
to almost 2.3% of the total weight. Also, for the following processes, the plastic 
footprint rates stand roughly around from 1.9% to 2% of the total weight. 
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Figure 19: Plastic types over the total plastic weight. 
FTIR was used to identify the type of plastic during each treatment process. Figure 19 
shows roughly the percentage of plastic type over the total plastic waste at each 
treatment process. Most of the plastics collected were polyethylene (Appendix 1) and 
Polypropylene (Appendix 2).  
Also, after the digestion process, there was no signs of the appearance of bioplastic, 
even though, it was approximately around 13% of the input feedstock. 
4.2 Plastic Identification 
The FTIR analysis gave a wide range of plastic types in the biotreatment process. Table 
2, 3 ,4 and 5 listed all of the types of the collected plastic after the pretreatment, after 
digestion process, at the windrow and at the curing field respectively. In these table, ‘n’ 
denotes the number of repeating units in a polymer chain. 
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 Result from the After Pre-Treatment 
Table 2: Plastic types found after pre-treatment process 
PE Polyethylene monohydroxy terminated 
Polyethylene low density 
Polyethylene (n = 450) 
Polyethylene acrylic acid 
Polyethylene terephthalate (n = 58)  
Polyethylene 
PP Poly propylene isotactic 
PS N/A 
PVC Poly vinyl chloride vinyl acetate 
Poly vinyl chloride vinyl (n=102) 
Bio and Biodegradable  Polylactide (PLA) 
Polyethylene acrylic acid 
polyester terephthalic acid 
Others Poly arylonite 
Nylon 66/poly hexamethylene adipamide 
Poly arcylonitri butadiene 
Polyester terephthalic acid 
 Result after the Digestion Process 
Table 3: Plastic types found after the digestion process 
PE Polyethylene acrylic acid 
Polyethylene terephthalate 
Polyethylene (n = 450) 
PP Polypropylene isotactic 
PS Polystyrene mono hydroxy terminated 
Polystyrene 
PVC Polyvinyl chloride (n = 0.90) 
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Bio and Biodegradable  α -cellulose 
Polyester terephthalic acid 
Other Polyacetate poly(trioxane) 
Nylon6/6 
 Result at the Windrow Facility 
Table 4: Plastic types found at the windrow facility 
PE Polyethylene 
Polyethylene mn6500 
Polyethylene mn1400 
Polyethylene mn1800 
Polyethylene low density 
Polyethylene isotactic 
Polyethylene oxidized 
Polyethylene acrylic acid 
Polyethylene terephthalate 
Polyethylene terephthalate (n=58) 
PP Polypropylene 
Polypropylene isotactic  
PS Polystyrene /Styrofoam 
Polystyrene 
Polystyrene, monocarboxy terminated 
PVC N/A 
PV Poly(vinyl) 
Bio and Biodegradable  Cellulose 
Others Poly acrylonitrile butadiene 
100%Polyester 
Poly acrybunite 
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 Result at the Curing Field 
Table 5: Plastic types found at the curing field 
PE Polyethylene 
Polyethylene mn1800 
Polyethylene mn 6500 
Polyethylene low density 
Polyethylene high density 
Polyethylene acrylic acid 
Polyethylene ethylene terephthalate 
PP Polypropylene isotactic 
PS Polystyrene 
PVC PVC 
Bio and Biodegradable  N/A 
Others Poly (arcrylonitrile) 
100% Polyester 
Ethylene/vinyl acetate copolymer 
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5 ANALYSIS 
The size of the collected plastic can vary from one process to another process. For 
example, at the pre-treatment process, after opening the plastic bag, the size was always 
larger than the one from the later processes since the plastic screening process 
successfully separated these large sized plastics from the biowaste.  
 
Figure 20: Different PE size (left: sample found at the pre-treatment process, top right: 
sample found after digestion process, bottom right: sample found at the composting 
process) 
Also, most of the PE and PVC has a sign of degrading. During the cleaning process of 
the collected plastic waste, it was observed that the strength of these two types of 
plastics was lower than its origin plastic. Especially with PE, for example the plastic 
sample after the digestion process in Figure 20 was very fragile and easily felt apart into 
thinner fragments like a sample in Figure 20 which was found at the windrow during the 
composting process. Unlike PE, during the biotreatment process PP did not show much 
of the degradation when its physical properties were almost the same. 
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5.1.1.1 FTIR library limitation 
Although there is a built-in FTIR library, identifying some materials could be become 
difficult when there is lack of information about a certain material. Also, the material 
can be unknown when the FTIR spectrum result containing lots of noise which 
subsequently provides low matching percentage with the built-in library. 
 
Figure 21: Unknown materials from FTIR analysis 
It was easy to judge with the naked eyes that most of the unknown results from FTIR 
were non-organic matter materials. From the Figure 21 ceramic (samples 1 and 2), 
glasses (samples 3 and 4) and aluminium foil (sample 7) gave very poor spectrum with 
lots of noise and ambiguous results. Some collected plastics also gave confusion as 
well, the sample from the picture number 5 did not match with the library, even though 
it has been cleaned carefully. And in the case of sample 6 the plastic showed heavily 
oxidation or other degradation and were unable to collect the correct data. 
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5.1.1.2 Bio related plastic and organic compound 
 
Figure 22: Bio based samples 
There were still some evidences that some organic matters were still not fully degraded 
during a long digestion process. According to spectrum results and observation, in 
Figure 22, picture number 1 was from α-cellulose based material and number 2 was 
believed as carrot peel. In picture number 3 shows polyester terephthalic acid, a type of 
biodegradable polymer, which was not fully degraded in the digestion process and its 
spectrum can be found at Appendix 3.  
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6 CONCLUSION 
According to the data from HSY, with the amount of 10.06% of non-bio and non-
biodegradable plastic waste which was found after the pre-treatment process, every year 
Ämmässuo biotreatment plant has to deal with at least 3521 tonnes of incorrectly sorted 
plasticin the biowaste. 
There is also a sign of plastic contamination at the final product from biotreatment 
plant. Most of the macro plastics which were found in the samples from Ämmässuo 
were polyethylene, polypropylene and poly styrene. In general, the plastic waste took up 
to 1% - 2% of the total end product which is approximately 700 tones of plastic waste 
still remained. 
Also, during the production process, especially after the digestion process, some organic 
compounds were still found in the samples (α-cellulose, polyester terephthalic acid and 
even carrot peel). After staying in about three weeks of the anaerobic digestion, 
cellulose and some organic compound was still not fully degenerated. This should 
require more research in the future experiment with biodegradable plastic at the 
digestion process. 
FTIR is a very good tool to analyse the unknown material. However, during the 
investigation, FTIR have shown its disadvantages during the study because of giving 
unknown results to several certain materials, also FTIR did not give precise result to 
plastic which have been heavily degraded. 
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Appendix 1 
 
Polyethylene (PE) spectrums collected by FTIR. 
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Appendix 2 
 
Polypropylene (PP) spectrums collected by FTIR. 
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Appendix 3 
 
Polyethylene Terephthalic Acid spectrum collected by FTIR. 
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